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RÉSUMÉ 
Les effets potentiels de l ' urbani sation sur l ' écologie alimentaire et les déplacements du 
Chocard Pyrrhocorax graculus ont été étudiés en suivant en automne et en hiver le comporte­
ment d ' occupation du mil ieu d 'o i seaux marqués dans deux vallées contrastées (Tournanche et 
Cogne) . La vallée de Tournanche est une zone très influencée par les activités humaines ,  avec 
une station de ski de haute altitude (Cervinia) ; la  vallée de Cogne est une zone naturelle en 
partie dans un parc national . Dans l ' ensemble , les domaines vitaux des Chocards en zone 
naturelle étaient de 4 à 8 foi s  supérieurs à ceux de la zone urbanisée . Après de fortes chutes de 
neige,  les oiseaux de la vallée de Tournanche passaient toute la journée à Cervinia ,  util i sant 
une nourriture d ' origine anthropique , alors que ceux du site naturel descendaient chaque jour 
dans le fond de la vallée pour s ' al imenter dans les zones déneigées et les vergers de pom­
miers . Les activités en termes de budget temps et d ' uti l isation de l ' habitat étaient aussi  très 
différentes .  Ces différences sont apparemment liées aux disponibil ités et à la distribution de la 
nourriture . L' urbanisation dans les Alpes peut changer de manière significative les disponibi­
l ités et les distributions alimentaire s ,  en particul ier en hiver, mais le Chocard est capable de 
contourner un tel changement artificiel  par une forte flexibilité à la foi s  de son organisation 
sociale et de son comportement de recherche alimentaire . 
SUMMARY 
We analysed the potential effects of urbanisation on foraging ecolo gy and movements of 
the Alpine Chough Pyrrhocorax graculus by studying the ranging behaviour of marked birds 
of two contrasting alpine valleys (Tournanche and Cogne) during autumn and winter. The 
Tournanche valley is an area highly influenced by humans with a high altitude ski resort town 
(Cervinia) ; the Cogne valley is a natural area partly within a national park . Overall home 
ranges at the natural s i te were 4-8x larger than at the urbanized site . After the heavy snowfalls 
birds of the Tournanche valley spent the whole day in Cervinia making use of food provided 
by humans ,  whereas those of the natural site came down every day to the bottom of the valley 
to forage on snow-free patches and apple orchards .  Time budgeting and habitat use were also 
very different . These differences l ikely depend on food availability and distribution . Urbani ­
zation in  the  Alps  may s ignificantly change food availability and location , especially in win­
ter, but the Alpine Chough i s  able to cope with such an artificial change by applying to the 
enormous flexibi l i ty of its social organization and foraging behaviour. 
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INTRODUCTION 
Pastures and grasslands in the Alps have developed over centuries  as a result 
of forest clearance to rear cattle . A marked decline of livestock farming , however,  
has been the cause of the present , natural reforestation and the disappearance of 
grassland habitats , especially at low-medium altitude . The decline of these open 
habitats is of conservation concern (Poole et a l . ,  1 998) . Nowadays , however , the 
most serious threat to the alpine environment is likelihood of urbanization and rela­
ted environmental alterations . Many local towns at low altitude have rapidly expan­
ded over the last 30-40 years , at the ex pense of farmland . Winter resorts at high alti­
tude have promoted ski development through the construction of ski piste s ,  access  
roads , cable-car stations and sorne villages have enlarged considerably through the 
building of new houses and hotels .  Such man-induced habitat changes may exert a 
profound influence on many birds '  ecology and behaviour even though no popula­
tion decline may yet be occurring , but the outcome may itself be of conservation 
concern . 
The present paper deals with the effects of urbanization on foraging ecology 
and movements of the Alpine Chough Pyrrhocorax graculus in northwestern Ital ian 
Alp s .  The Alpine Chough is highly gregarious throughout year , commonly in small 
or large foraging flocks . It i s  highly mobile , often undertaking daily movements 
over distances of severa! kilometres (Rolando & Patterson , 1 993) . B oth grega­
riousness and mobility may significantly increase in winter . Although previous stu­
dies had suggested the Alpine Chough can benefit from human presence by taking 
scraps left by v isitors (Holyoak , 1 972 ;  Coombs , 1 97 8 ;  Delestrade , 1 989) , no popu­
lation increase was observed after the development of massive tourist activities in 
certain alpine are as (Delestrade , 1 995 ) .  On the contrary , sorne data suggested th at 
extensive ski development reduced the extent of productive alpine meadows and 
may cause the abandonment of the feeding areas u sed in summer (Rolando & Pat­
terson , 1 993 ) .  
We studied the winter ranging behaviour o f  marked birds inhabiting two diffe­
rent alpine valleys in north-western Ital y .  The two sites (which , in straight li ne , are 
about 60 kilometres apart) represent environmental conditions in direct contrast to 
each other; one was a developed area with an high altitude ski resort town (experi­
mental population) , and the other a natural area partly within a National Park (con­
trol population) . Although birds of different valleys may congregate in winter, 
tho se of the se two areas did not meet , perhaps due to the large distance between the 
two sites , and can be therefore considered to form independent populations . By 
assessing the leve! of dependance of birds on hum an developments during win ter, 
we attempted to verify whether urbanization at high altitude significantly modified 
birds ' foraging ecology and movements , and whether food availability and distri­
bution was responsible for that . 
STUDY AREAS AND METHODS 
STUDY AREAS 
The study was carried out in the Tournanche and Cogne Valley s ,  in the Aosta 
Valley , north-western Ital y. Both valleys are characterized by high altitude at the 
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upper end , with steep cliffs and alpine meadows above 2 000 rn a . s .l . ,  coniferous 
forests at l 000-2 000 rn and broadleaf or mixed woodland below 1 000 rn with
livestock farmland and villages . In the Tournanche valley (also named Valtournan­
che) the highest summit i s  Cervino at 4 478 rn a . s .l .  and in Cogne valley La Grivola 
at 3 969 rn a . s . l .  
The two study sites differ great! y i n  the intensity o f  hu man activity . Although 
tourism is highly developed in both valleys , in Tournanche tourists mostly concen­
trate during winter , whereas they concentrate in Cogne during summer . Cervinia 
(2  000 rn a . s .l . ,  45 ° 5 7 '  N, T 3 8 '  E) , at the upper end of the Tournanche valley , is
a tourist centre with 2 000 resident inhabitants , which can rise to 10 000 during the 
winter ski season . The surroundings of Cervinia are heavily developed for skiing ; 
every day during winter they welcome thousands of skiers . Cogne ( 1  500 rn a.s .l . ,  
45 ° 3 7 '  N ,  T 2 '  E )  i s  the only town of Cogne valley with 1 500 residents ;  during
summer it welcomes about 60 000 tourists , attracted here by the landscape and by 
the Gran Paradiso National Park . The surroundings of Cogne are scarcely man­
developed,  in part because they are included in the protected zone . 
The Dora B altea valley (600 rn a . s .l .) , the central main valley of the region 
which both the Tournanche and Cogne join , is  a farmed landscape of meadows , 
crops and orchards . Dora B altea is not even! y cultivated . The largestJarmland habi­
tats are concentrated where this valley meets the Cogne (control site) and comprise 
mainly permanent crops as apple orchards . Elsewhere , the environment is  heavily 
man-developed and low-intensity farming systems have been increasingly abando­
ned where Dora B altea meets the Tournanche (experimental site) . lt might be sug­
gested that the opposite orientations of the two valleys (one north , one south) may 
have affected the ranging behaviour of Alpine Choughs . However , the two valleys 
show no apparent differences in their natural environment (no appreciable differen­
ces in vegetation or in the persistence of snow) , and , moreover , severa) Alpine 
Chough populations of north-oriented valleys of Aosta Valley and Piedmont show 
the same movements here described for the south-oriented Cogne valley (persona! 
observations) . 
The population sizes of Alpine Choughs were estimated from photos of flying 
flocks in late summer and autumn and were comparable , with about 300 birds in 
each valley . 
FIELD WORK AND RADIOTELEMETRIC ANALYSES 
In Valtournanche observations were carried out from November 1 997 to 
March 1 998 and from November 1 998 to March 1 999; in the Cogne valley from 
October 1 996 to May 1 997 and from November 1 997 to May 1 998 . Birds were bai­
ted with bread and sultana rais ins (Büchel , 1 983)  and trapped using mono-filament 
nylon nooses . Overall 20 Alpine Choughs ( 1 0  in 1 997 and 1 0  in 1 998)  were caught 
at Cervinia,  and 28 (25 in 1 996 and 3 in 1 997) at Rifugio Sella (2 600 rn a .s .l .) ,  an 
area two hours ' walk above Cogne . Among these , 1 7  birds were adequately sam­
pied at Cervinia (9 in 1 997-98 and 8 in 1 998-99) and 1 7  at Cogne ( 1 5  in 1 996-97 
and 2 in 1 997-98)  (see Appendix) . lt can be noted that the number of marked birds 
varied throughout the study period and individuals of the two valleys were contem­
poraneously radio-tracked during 1 997-98 winter only . However ; we dismiss this 
as a concern since the differences in foraging ecolo gy and activity of the two popu-
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lations we found are permanent and , in fact ,  they were observed again in the subse­
quent years (2000 and 200 1 ,  persona! observations ) .  
I n  the Alpine Chough , yearlings (< 1 year old) , juveniles ( 1  year) and adults 
can be distinguished by their leg and plumage co1ours : black legs , brown feathers 
and black bill  in yearlings ;  black legs , brown feathers and white/yellow bil l  with a 
black tip in juveniles , red legs and black feathers in adults . Ali  the birds we caught 
were adu1ts . Ali  birds were individually marked by bleaching a few feathers and rin­
ged with plastic colour rings . Nine birds (5 in 1 997 and 4 in 1 998)  at Cervinia and 
six (4 in 1 996 and 2 in 1 997) at Cogne were also equipped with radio transmitters 
(2-4 g, i .e .  Jess than 2 %  of birds ' body weight) tied and glued to the base of the 
central tai! feathers (Kenward , 1 97 8 ,  1 98 7 ) .  The tagged birds were located by trian­
gulation , while the marked ones without radio-tags were located by sight using a 
40x telescope when necessary ; marked birds were relocated as systematically as 
tagged birds .  Positions were recorded at 30 minutes intervals on 1 :  25 000 scale 
maps of the study area, on which a 500 x 500 rn grid was superimposed . Locations 
were assumed to be independent because the birds moved every few minute s .  
Moreover , a general rule o f  thumb suggests that two consecutive locations can be 
considered statistically independent if sufficient time elapses for the animal to 
move from one end of its home range to the other (White & Garrott , 1 990) . This
was just the case because Alpine Choughs are able to fly at almost 1 00 km/h 
(Rolando & Patterson , 1 993) ,  and so can fly from one end of the home range to the
other in a few minutes .  
The Range V software system (Ken ward & Hodder , 1 996) was  used  to  analyse
data; radio-locations were assigned grid-references to the nearest 500 m. Range 
sizes were calculated using the minimum convex polygon method (MCP) and Ker­
ne! analysis (KER) including 95 and 50 % of fixe s ,  following Rolando ( 1 998) . Only 
birds with at !east 200 fixes and 15 tracking days were considered in data analyses . 
The presence of stable home ranges and the assurance of an adequate sampling 
effort in different periods was checked by making incrementai area plots by the 
sequential addition of fixes (birds with stable home ranges are expected to reach the 
maximum range asymptotically) . The home range centre was calculated as the har­
monie mean . 
Time budgets were described in terms of frequency of fixes regarding radio­
tagged or marked birds while foraging , resting or flying . Foraging and resting beha­
viours (i .e .  when birds were still or quiet) were also studied by measuring the stay 
times of unmarked birds . A stay time was the duration of the birds '  stay in each site 
and was measured by selecting one individual of a group as it landed and recording 
the time for which it foraged or rested before flying to a new site (considered to be 
more than 50 rn away) . 
Snow depth data were obtained from the Società Meteorologica Subalpina 
(SMS) of Turin and from the Cervino S .  p. A. Company and refer to the snow depth 
measured at l 700 rn a .s . l  in the Cogne valley and at 2 000 rn a . s .l .  in the Valtour­
nanche . Snow depth was expressed as means calculated from daily value s .  
STATISTICAL ANALYSES 
We considered the behaviour of one bird in a flock as independent from that of 
the other birds . Although Alpine Choughs are social birds , each individual makes 
its own choices in movements , habitat use , time budget and foraging behaviour 
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(persona! observations) . A flock may split at any moment of the day and , accordin­
gly , cannot be treated as a single unit . 
Differences between home range sizes calculated with MCP and Kernel 
methods were tested by Friedman tests , whereas those between home range sizes of 
the two areas were tested by Mann Whitney U-tests . 
Time budgets ( i .e .  proportions of fixes spent foraging , flying and resting) and 
habitat use ( i .e .  proportions of fixes in each habitat considered) were analysed by 
calculating an overall mean proportion from the proportions of fixes of each marked 
b ird . Differences in time budgets and habitat use between areas were tested by 
Mann Whitney U-test . However, to test differences among the different snow cover 
conditions and given that the same group of individuals was tested repeatedly over 
a period of ti me , a repeated measures ANOV A was used after arcsine data transfor­
mation (Sokal & Rohlf, 1 995) .
To study daily variation in ti me budgets we considered the proportions of fixes 
that each marked bird spent in different activities during each hour of the day (eight 
hourly periods from 08 00 h in the morning until 1 6  00 h in the afternoon) . We then 
calculated overall mean values for each activity , so that the su rn of the proportions 
of the different activities during each hour was equal to 1 (or 1 00 when percentages 
are given) . For each activity , daily differences between the two study areas were 
tested by Wilcoxon ' s  test .  
Differences in stay t i  me among habitats were tested by one-way ANOV A after 
logarithmic transformation (to attain a normal distribution) . 
RESULTS 
HOME RANGES 
Overall home range estimates are shown in appendix . Differences between 
home ranges of radio-tagged and non radio-tagged birds were never significant 
(Mann-Whitney U tests , MCP and KER 95 %) and , accordingly , these two catego­
ries were poo1ed in data analysis . Significant differences were obtained among 
home range sizes estimated with the two methods ,  MCP estimates being larger than 
KER ones (Friedman tests , MCP and KER 50 and 95 % ,  P < 0 .00 1 ) .  On average , 
home ranges of the natural (control) population of Cogne were 4-8x larger than 
those of the experimental population (mean values MCP 95 % :  1 50 vs . 35 km2 ;
KER 95 % :  80 v s .  1 0  km2 , Mann-Whitney U tests , P < 0 .00 1 ) .
Kernel Analysis clearly revealed the presence of disjointed ranges in both 
study areas (Fig . 1 ) .  In each area one portion of the range comprised the foraging 
sites at high altitude , whilst the other comprised the foraging sites at lower altitude . 
In Valtournanche (experimental) the high foraging sites were located in or around 
Cervinia and at Torgnon , another tourist centre in the Tournanche valley at lower 
altitude ( 1 500 rn a . s .l . )  about 1 5  km in straight line southwards . Conversely , in the 
Cogne valley (control) birds foraged at high altitude around Rifugio Sella ,  Valnon­
tey and Cogne and , at lower altitude , around Villeneuve , St. Pierre and Sarre 
(600 rn a . s .l . ) ,  which are located in the Dora Baltea valley bottom near Aosta, about 
1 6  km in straight line northwards . S ince the areas between the two parts of the range 
were crossed by the birds but were never used , they could not be properly conside-
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Figure 1 .  - Two examples of overall ranges of radio-tagged Alpine Choughs at Cogne and Cerv inia 
drawn by the Range V Kernel analyses . The contours comprise the inner 50 % and 95 % of fi xes . Valleys 
are oriented so that their upper ends are in the map upper parts .  
red to be part of the individual home ranges .  Therefore , MCP estimate s ,  which 
included those areas , are Jess reliable than Kernel estimate s .  
During the whole study period birds in the Valtournanche roosted in the Gran­
des Murailles (2 800-3 500 rn a.s .l . ) ,  the impressive cliffs to the west of Cervinia,  
whereas those in the Cogne valley roosted at La Grivola ,  a rocky massif to the east 
of Cogne . 
SEASONAL MOYEMENTS 
Home range sizes and locations varied throughout the study period in both 
areas , but changes were more dramatic at Cogne than at Cervinia .  Home range 
seasonal dynamics depended heavily upon snow cover . At Cogne the distance from 
the roost to the home range centre and the home range size increased with snow 
depth , whereas the altitude of the home range centre was negative! y correlated with 
it .  At Cervinia,  sorne birds enlarged their home ranges after the first snowfall s  but 
the regular patterns observed at Cogne were not evident (Fig . 2 ) .  
Seasonal ranging behaviours observed in  the two valleys may b e  summarized 
as follows .  Before the snowfalls , birds remained above the tree line (2 500-3 000 rn 
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Figure 2. - The two ranging behaviour patterns observed at Cogne and Cervinia. At Cogne home range
size and distance from the roost to the home range centre are positively related with the snow depth , 
whereas the altitude of the home range centre is negatively related with i t .  At Cervinia no relation was 
fou nd between snow depth and home range size; moreover both distance and altitude of the home range 
centre remained constant and independent of snow cover. Linear regression equations and P values 
testing significance of the regression coefficients are given for Cogne relationships .  Points refer to five 
different periods (two years = 10 points) corresponding to autumn before snowfall s ,  autumn after first 
snowfalls , winter after heavy snowfalls , late winter and early spring after the start of snow melting . Note 
thal at Cervinia radio-tracking stopped in earl y da ys of March and , accordingly, the fifth period has not 
been considered . Variables are mean values calculated from daily snow depths ( independent variable) or 
from individual home range parameters (dependent variable) . 
at Cogne , 2 000-2 700 at Cervinia) , frequently using food provided by tourists at 
refuse and picnic areas . After the first snowfalls in November home ranges enlar-
- 343 -
ged: in Cogne valley birds came down around the town and other vi llages to feed 
on snow-free meadows and in shrubberies (especially on rosehips ) ;  in Valtournan­
che they started to visit Torgnon ( 1  500 rn a . s .l . )  where the ground was rarely snow­
covered . After the heavy snowfalls of December ,  Alpine Choughs in  the Cogne val­
ley came down to the Dora Baltea valley bottom to forage on meadows  and 
orchards , whereas birds in Valtournanche stayed at Cervinia,  using the food (espe­
cially bread) provided by tourists and local inhabitants or food scraps in  picnic 
areas . Therefore , home ranges greatly enlarged at Cogne , whilst they were restric­
ted at Cervinia .  The descent of birds towards low altitude s ,  observed at Cogne , was 
a rather common phenomenon in winter in  the Alp s .  Every day we observed birds 
from various valleys (Cogne valley , Valsavaranche , Rhêmes valley , and possibly 
others) congregating at the Dora Baltea valley bottom in a single large flock made 
up of hundreds of birds ( 1 870 individual s were counted close to St .  Pierre in earl y
February 1 997) . When snow started melting in March-April birds began to stay at 
higher altitudes . In the Cogne valley they were observed both on buildings of the 
villages and on snow-free meadows; in the Valtournanche birds started feeding on 
invertebrates on snow-free patches on ski-piste s .  Finally in May , when weather 
conditions improved , home ranges further reduced and Alpine Choughs were obser­
ved back on pastures above the tree line at the tops of both valleys .  
DAIL Y MOVEMENTS 
Dai! y movements were very different in the two areas . In autumn , after the first 
snowfall s  at high altitude , Alpine Choughs initially came down around Cervinia 
and Cogne in the morning , spent the whole day around the towns and flew back to 
the roosts on the high cliffs in the afternoon . However , during this period , the popu­
lation of Cervinia split up and many individuals (up to 1 00-200 birds) moved every 
morning to Torgnon to forage on meadows around the village . In the afternoon 
( 1 4  00- 1 4  30 h) , they came back to Cervinia,  stayed in the town and moved to the 
Grandes Murailles be fore sunset ( 1 6  00- 1 6  30 h) to roost the re . In win ter , with deep 
snow conditions at high and middle altitudes , Alpine Choughs of Cervinia stopped 
moving daily to Torgnon and spent the whole day in the town . In the Cogne valley 
birds abandoned the roost in the morning (07 30-08 00 h) and flew straight down­
hill to the Dora Baltea , where they foraged on meadows ,  pear and apple orchards 
near the villages . They left the farmland in the early afternoon ( 1 5  00- 1 5  30 h) to 
fly back to the roosting site . During the return journey birds followed the valley 
from the bottom to the top , slowly ascending , along the valley sides from 600 to 
about 4 000 rn a .s .l . 
TIME BUDGET 
Proportions of time spent foraging , flying and resting were rather different in 
the two areas and depended upon snow cover conditions .  Data were therefore divi­
ded into three classes according to the snow depth ( i . e .  I :  0-20 cm, II :  20- 1 00 cm 
and III :  1 00- 1 50 cm) . In deep snow conditions ( i . e .  classes II and III) Alpine Chou­
ghs foraged significantly more often at Cogne than at Cervinia (mean percentages 
of fixes calculated from percentages of each birds :  45 and 53 % versus 1 2  and 9 % ,  
respective! y )  and , complementarily , they flied Jess often at Cogne than at Cervinia 
(37 and 36 % versus 62 and 64 % ,  respectively) (Mann Whitney V-tests , 
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P < 0 .00 1 ) .  Differences were not significant in snowless conditions (i .e .  class I ,  
Mann Whitney V-test ,  N .S .) .  B irds rested significantly longer at Cervinia than at 
Cogne , whatever the snow cover conditions (Mann Whitney U-tests , I I :  P < 0 .05 , I 
and III :  P < 0 .00 1 ) .  
Within each area sorne activities changed significantly among snow cover con­
ditions . In particular ,  birds decreased flying (from 63 to 36 % of fixes) at Cogne , 
whereas they decreased foraging (from 26 to 9 %) at Cervinia , as snow cover 
increased . Differences in flying and resting were significant at Cogne (F2 ,28 = 1 7  . 8 ,
P < 0 .005 ; F2 26 = 7 .8 , P < 0 .005 , respectively) , whereas differences i n  feeding
were significant at Cervinia (F2 ,32 = 23 .8 , P < 0 .00 1 ) .
T i  m e  budgets changed according to the ti me of day . I n  both areas foraging pro­
gressively decreased from morning to earl y afternoon whilst ,  conversely , flying 
increased (Fig . 3 ) .  However , in spite of this common behavioural pattern , percen­
tages of activities were clearly different in the two areas : feeding percentages were 
significantly higher at Cogne th an at Cervinia (Wilcoxon ' s  test: T = 0 ,  Z = 2 .5 ,
n = 8 ,  P = 0 .0 1 2) ,  whereas flying percentages were higher at Cervinia than at
Cogne ( T  = 0 ,  Z = 2 .5 ,  n = 8 ,  P = 0 .0 1 2) .  Percentages of res ting were not signifi­
cantly different between the two areas (T = 5 ,  Z = 1 .8 ,  n = 8 ,  P = 0 .069) .
HABITAT USE 
At Cervinia birds foraged main! y on meadows in snowless conditions (class I) , 
but concentrated around buildings ( i .e .  on streets and roads , roofs , balconies etc .)  
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Figure 3 . - Dai ly time budget variation in the two study areas . Percentage s ,  which are mean values
calculated starting from percentages of each bi rd , re fer separately to each hour, so that the sum of the 
three percentages i s  equal to 1 00 .  After 1 6 00 h most birds were back to the roost . 
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in deep snow conditions (II and III) . At Cogne birds dramatically changed foraging 
habitat use according to snow caver conditions (1 : mostly on meadows , II : mostly 
on buildings ,  III :  mostly in archards) . 
At Cervinia birds rested mostly on buildings in  all the snow caver conditions 
considered . At Cogne they rested on meadows in  snowless conditions (class 1)  and 
on building s ,  cliffs and in orchards when snow caver i ncreased (classes II and Ill) . 
Both foraging and resting habitat use significantly changed among snow caver 
condition within each area and between the two areas for the same snow caver con­
dition (Fig .  4) . 
FORAGING B EHA VI OUR AND DIET 
Data on stay times were collected extensively at Cervinia only (Tab . 1) . Here 
the mean duration of resting bouts were about twice as long as that of foraging bouts 
( 1 29 vs . 72 seconds) . Both foraging and resting varied significantly with habitat . 
The mean duration of resting under the eaves of roofs , for instance , was longer 
(564 sec) than that on roofs ( 1 23 sec) or on roads (only 1 6  sec) . Differences among 
stay times in  the different habitats (i .e .  roofs , balconies ,  streets and pastures)  were 
significant both for foraging (F3 ,90 = 6 .7 ,  P < 0 .00 1 )  and for resting (F4 ,545 = 22 .5 ,
p < 0 .00 1 ) .
During late autumn birds of both areas rel ied on berries and rose hips they 
found around town s. In mid-winter ,  however,  diets greatly differentiated sin ce birds 
at Cervinia fed especially on bread or scraps they col lected in  the town ( 1 00 % of 
fixes of J anuary and February) , whereas birds of Cogne valley mostly fed on apples 
and pears in  archards (63 %) . In early spring both populations collected pieces of 
bread around buildings and started to catch invertebrates as weil (earthworms were 
also occasionally consumed at Cogne) . 
TABLE 1 
Stay times (seconds) recorded at Cervinia in differen t  habitats when birds were 
foraging or resting .  SE = standard error; N = number of stay times . 
Foraging Res ting 
Habitat 1 1 1 1 mean SE N mean SE N 
Roofs 83 I l 52  1 23 9 404 
Under-roof comices 564 99 25 
Balconies and window-si l ls 77 1 9  1 8  68 1 0  78 
Roads and streets 32 7 1 6  1 6  3 2 1  
Pastures 72 24 8 1 03 24 22 
Ail habitats 72 8 94 1 29 9 553 
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Figure 4 .  - Habitat use of the Alpine Chough according to snow-cover conditions in the two study 
areas . Figures are mean percentages of fixes , ca lculated starting from percentages of each bird . 
S now depth categor ies  as fo l l o w s :  1 = 0-20  cm of snow ; II = 20- 1 00 c m ;  I I I  = 1 00 - 1 5 0 c m .
Differences between the two areas with regard the foraging use o f  meadows and buildings were 
s i g n i fi c ant in a l i  the snow cover  cond i t ions  cons idered (M ann Wh itney V-tes t s , P < 0 .00 1 ) .
Differences were a l so  s ign ificant wi th  regard the use of c l i ffs (c lass  I I )  and orchards (c lass  I l l )  
(Mann Whitney V-tests , P < 0 .00 1 ) .  With in  each  area , differences among snow cover conditions 
were s ign ificant i n  most case s .  (Cogne :  meadows F2 ,8 = 1 1 2 . 1 ,  P < 0 .0 1 ;  buildings F2 ,8 = 472 . 9 ,
P < 0 .00 1 ;  orchards F2 ,8 = 5 7  . 3 , P < 0 .00 1 .  Cervin ia :  meadows F2 .28 = 5 5 ,  P < 0 .00 1 ;  bu ildings
F2 2 8 = 44 .7 , P < 0 .00 1 ) .  Differences  between the Iwo in  the use of bu i ld ings  for rest ing were
s ign i fi c ant  in a l i  the  snow cover  cond i t ions  cons idered (M ann Wh itney V-te s t s ,  P < 0 .00 1 ) .  
Differences were also s ignificant wi th regard meadows (1 and I I I )  and c l iffs (1)  (Mann Whitney V­
tests , P < 0 .00 1 ,  P < 0 .05  and P < 0 .00 1 , respective! y ) .  Within each a rea ,  differences among snow 
cover conditions were s ign ificant in  ail the habitats considered at Cogne (F2 8 = 7 . 7 ,  P < 0 .05 once 
and P < 0 . 0 0 1 three  t i m e s )  and in a l m o s t  a l i  the ones  cons idered at  Cerv i n i a  (F2 .2 8 = 2 3 ,
P < 0 .00 1 ) ,  w ith the only exception of c l  iffs (F2 ,28 = 0 .43 ,  N .S . ) .  
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DISCUSSION 
The two populations ,  when faced increasing snow cover conditions , behaved 
in opposite ways .  The control population (Cogne valley) followed the descent or 
ascent of the snow-line selecting lower or higher foraging areas respective! y, whe­
reas Valtournanche birds simply became urbanized after the first winter snowfalls  
and stayed in the town of Cervinia throughout the winter . Accordingl y ,  Cogne birds 
moved much more and showed larger home ranges than those in Cervinia . Daily 
movements were also greatly different . In autumn , prior to the heavy snowfalls , 
many Alpine Choughs moved every day from Cervinia to Torgnon , whereas move­
ments were rather short at Cogne . However , in deep snow conditions (namely , from 
December to February) ,  the situation reversed and the population of Cogne moved 
every day for many kilometres ,  whereas that of Cervinia stayed in the town . The 
time spent foraging was shorter at Cervinia than at Cogne . Habitat use was rather 
constant at Cervinia because birds stayed amid buildings ,  whereas it changed seaso­
nally at Cogne . 
Ali the above suggests that the social organization and foraging behaviour of 
the Alpine Chough is enormously flexible and that it is able to manage in the chan­
ged living conditions caused by the changes in the land use by man . The flexibility 
of patterns here described may be supported by considering that , at a larger scale , 
in north-western Alps ,  both natural ( i .e .  daily movements according to the snow 
line) and artificial ( i .e .  urban habits) ranging patterns occur . Natural patterns are 
predominant in undeveloped valleys of Piedmont and Aosta valley in Ital y ,  whereas 
artificial ones are weil known in developed areas in France and Switzerland (Roths­
child , 1 95 7 ;  Strahm , 1 96 1  and 1 962 ; Voisin , 1 963 ; Delestrade , 1 989 and 1 993) . 
The behavioural and ecological differences between the two populations most 
probably depend upon food availability and distribution , which have been shown to 
be the principal determinants of birds ranging behaviour and ecology , especially 
outside the breeding period (Mace & Harvey , 1 98 3 ;  Rolando , 2002 ) .  Among passe­
rines an inverse correlation between home range size and resource abundance has 
been observed in sorne species (Piper & Wiley , 1 990 ; Schon , 1 994 ; Seki & Takano,
1 998) . In corvids , in particular , it has been demonstrated in a few species that dif­
ferences in home range and habitat selection between periods and sites mostly rely 
on temporal and spatial differences in food availability and location (Rolando , 
1 99 8 ;  Rolando & Carisio , 1 999) .
The Alpine Chough appears to be a species which strongly depends on man . 
During deep snow conditions Alpine Choughs at Cervinia (experimental popula­
tion) became completely dependent on food provided by man in the town . Accor­
dingly , they stayed there , reduced the ir home ranges and fed only when bread or 
other scraps were voluntarily or involuntarily given them . Despite we did not 
address the energetic budget, we can argue that birds spending their winter in the 
high altitude town of Cervinia pay costs due to poor diet (bread) , low daily tempe­
ratures and strong competition for concentrated food .  Moreover, urbanized birds 
might suffer from the possible disruption of their social organization . The Alpine 
Chough is a social species whose foraging efficiency and social bonds are related 
to flocking (Rolando et a / . , 1 997 ; Delestrade , 1 999) . In town individuals dispersed 
among buildings and the typical flock cohesion might be lost .  However, it is  unli­
kely that Alpine Choughs do not get any benefits from their winter urbanization 
(sensu Luniak et al . ,  1 990) . One obvious benefit cornes from the energy and time 
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saved because birds did not fly back and forth covering many kilometres and thou­
sands of metres of altitude every day . 
The behaviour and ecology of Alpine Choughs at the natural site (Cogne) 
appeared to be Jess modified th an that at the artificial site (Cervinia) . The graduai 
change of ranging behaviour according to the altitude of the snow line is  commonly 
shown by populations coping with the changeable environmental conditions in the 
Alps (Goodwin , 1 986) . However , the food they selected in  win ter on the Dora Bal­
tea valley bottom was again man-related . Orchards were selected because fruits , 
namely apples and pears , were still part! y available there . Hence , although differen­
ces between the two areas suggest that experimental birds underwent major beha­
vioural and ecological change s ,  both populations still depended directly or indi­
rectly upon man . It must be stressed that this dependence upon traditional farming 
is probably rather common in the Alps and at !east two other chough populations in 
valleys close to Cogne foraged in orchards around Villeneuve every day . 
In the Alps environmental conditions dramatically change throughout the year 
and strongly affect birds behaviour and ecology and their dependence on man 
likewise varies seasonally . In spring and summer Alpine Choughs forage on high 
pastures where the influence of man seems to be marginal , though mountain lives­
tock is  probably important to main tain the abundance and availability of prey , espe­
cially dung invertebrates ,  during this period . Another benefit of grazing is the main­
tenance of short and open sward s ,  which makes easier to search for prey on the 
surface (Rolando & Laiolo , 1 998 ; Laiolo & Rolando , 1 999) . Over recent years there
has been a trend to abandon the practice of transhumance . The harshness of the she­
pherd ' s  !ife i s  no longer attractive to young people and , furthermore , is not strictly 
necessary . Stock can be fed easily with silage and kept ali year round in sheds or in 
fenced pastures at the bottom of the alpine valleys .  Deprived of grazing , the plant 
communities of pastures gradually change and , especially in certain areas of the 
Alps (Maritime Alps , for instance) , seriai stages may follow one another until the 
land is entirely wooded (Rolando & Laiolo , 1 997) .
The remarkable dependence of the Red-billed Chough (P.  pyrrhocorax) upon 
traditional farming is weil known in Europe (B ignal & Curti s ,  1 989 ;  Blanco et al . ,
1 997 ; Blanco et a l . ,  1 998) . The present paper shows that the degree of  man-depen­
dence of the Alpine Chough is comparable with that already documented for the 
Red-billed Chough . Food distribution and man-dependence may have conservation 
implications .  We have found that bread and other scraps are used by the Alpine 
Choughs at Cervinia and this  probably enables birds to stay at high altitude even in 
winter . Even though we have no true indications of any adverse consequence of 
birds ' urbanization , the consequent sedentary habit is  of particular concern bec a use 
it represents a radical change in the behaviour and ecology of one of the most repre­
sentative wild birds in the Alps . 
We have also found that apple orchards are large! y used by birds of Cogne and 
other valleys . These habitats are certainly useful to secure the birds '  survival during 
the winter and low-intensity farming systems at valley bottoms must be therefore 
encouraged . In Europe conservation efforts have mainly concentrated on natural 
habitats and few protected areas for « agricultural species » has been designated . 
This is partly due to the wrong , albeit widespread , view that agricultural habitats 
are of low conservation importance (Pain & Pienkowski , 1 997) . High altitude pro­
tected areas (namely , the Gran Paradiso Natural Park) may secure nes ting and 
reproduction of the Alpine Chough during spring and summer , but our data showed 
they do not secure enough feeding resources during winter . Hence , in addition to 
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measures maintaining the presence of suitable agricultural habitats at low altitudes ,  
i t  would also be important that boundaries of alpine protected areas are extended to 
lower altitudes at the bottoms of the valley s .  
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APPENDIX 
Number of fixes , number of tracking days, period of tracking and home range sizes 
fo r t h e  m a r k e d  A lp i n e  C h o u g h s . M C P  = M i n i m u m C o n v ex Po lyg o n ;  
KER = Kernel analysis ; TG = radio- tagged birds 
Alpine No. of No. of Period of 
Home range size (km2) 
da ys Chough fixes tracked trac king MCP MCP KER KER 
95 % 50 % 95 % 50 % 
a) Cogne
1 TG 1 4 1 6  88 Oct 1 996 - May 1 997 172 .5 74.6 89 .9 1 0 . 1  
2 TG 96 1 63 Oct 1 996 - May 1 997 1 6 1 .4 42 .6 98 . 1  4 . 1  
3 TG 1 2 2 1  75 Oct 1 996 - May 1 997 1 90 .6 47 .5 76 .0 5 .0 
4 TG 1 2 1 1 77 Oct 1 996 - May 1 997 1 62 .9 48 .6 76 .0 4 .9 
5 620 40 Oct 1 996 - May 1 997 1 5 8 .5 108 .4 88 .8 2 .9 
6 248 1 7  Dec 1 996 - May 1 997 1 27 .4 34.5 77 .4 3 .5 
7 243 1 5  Oct 1 996 - May 1 997 1 68 .4 84 . 1  102 .5 1 1 .6 
8 424 30 Oct 1 996 - May 1 997 1 60.3 5 3 . 1  95 .7 1 0 .8 
9 255 1 8  Oct 1 996 - May 1 997 1 49 .9 37 .8  92 .6 1 2 . 1  
1 0  3 1 7  22 Oct 1 996 - May 1 997 1 6 1 .6 1 9 .0 1 04.3 1 8 .5 
I l 733 47 Oct 1 996 - May 1 997 1 60 .0 40 .4 89 .5 5 .6 
1 2  386 28 Oct 1 996 - May 1 997 1 7 8 .9 1 07 . 1  83 .5 6 .3 
1 3  222 1 7  Oct 1 996 - Feb 1 997 1 5 3 .0 1 2 .5 63 .8 6 .7 
14 39 1 23 Nov 1 996 - May 1 997 1 50 .9 1 7 .8 78 .9 1 1 .3 
1 5  59 1 35 Nov 1 996 - Apr 1 997 1 46 .6 75 .6 77 .9 9 .2 
1 6  TG 839 64 Nov 1 997 - Apr 1 998 1 08 .9 47 . 1  5 3 .3 3 .0 
1 7  TG 790 59 Nov 1 997 - May 1 998 108 .9 36 .6 60 .2 3 . 1  
me ans 639 42 154 .2 52 .2 82 .8 7.6 
b) Cervinia
1 TG 980 45 Nov 1 997 - Mar 1 998 56.9 2 . 1  1 2 .2 0 .7 
2 TG 77 1 42 Nov 1 997 - Mar 1 998 20.6 0.5 1 2 .7 0 .9 
3 TG 9 1 8  45 Nov 1 997 - Mar 1 998 1 4 .5 0 .3 5 .8 0 .0 
4 TG 886 41 Nov 1 997 - Mar 1 998 1 1 .0 0.5 5 .4 0 .4 
5 TG 384 30 Nov 1 997 - Mar 1 998 70 .4 4 . 1  1 3 .8 0.6 
6 5 1 1  45 Nov 1 997 - Mar 1 998 1 1 .0 0 .3 5 .3 0 .0 
7 648 43 Nov 1 997 - Mar 1 998 8 . 1  0 .3  4 .0 0 .0 
8 339 34 Nov 1 997 - Mar 1 998 8 .3 0 .5 4.2 0 .4 
9 226 23 Nov 1 997 - Mar 1 998 1 0 .5 0 .9 5 .5 0 .5 
1 0  TG 867 36 Nov 1 998 - Mar 1 999 74.0 8 . 1  1 3 .9 0 .7 
I l TG 865 39 Nov 1 998 - Mar 1 999 65 .9 8 . 1  1 5 .9 0 .5 
1 2  TG 875 36 Nov 1 998 - Mar 1 999 56 .9 6 .5 1 3 .5 0 .7 
1 3  TG 9 1 6  37 Nov 1 998 - Mar 1 999 63 .9 7 .9 1 3 .7 0.7 
14 676 42 Nov 1 998 - Mar 1 999 65 . 1  8 .0 1 4 .5 1 .0 
1 5  284 30 Nov 1 998 - Mar 1 999 58 .9 6 .4 1 3 .9 0 .9 
1 6  355 36 Nov 1 998 - Mar 1 999 63 .6 6 .4 1 6 . 1  0 .9 
1 7  33 1 32 Nov 1 998 - Mar 1 999 5 3 . 1  4 .4 1 3 .2 1 .4 
me ans 637 37 41 .9 3 .8 10.8 0.6 
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